Several authors have suggested that dementia screening tests may be biased against low levels of education, whereas others find that a low level of education is a genuine risk factor for dementia. The present paper attempts to reconcile these conflicting views by examining item bias and test bias indices of the mini mental state examination (MMSE). Psychometric calculations and receiver operating characteristics (ROC) analyses of sensitivity and specificity as performed by earlier studies were replicated and extended from the database of the Amsterdam Study of the Elderly. This is a population survey on cognitive decline and dementia (age range 65-84). Subjects with a low level of education (primary school) were compared with better educated subjects (at least some secondary education). Cases were matched by age and sex. The results indicate that the MMSE is not educationally biased as far as item characteristics, reliability, and construct validity are concerned. Yet its predictive validity as a screening test for dementia is educationally biased. This bias will effectively be eliminated with a two point higher cut off score for the subjects whose education extends beyond primary school. Even after such score correction, a low level of education probably remains a genuine risk factor for dementia.
Evidence is accumulating that a low level of education is a risk factor associated with dementia.'"3 This is supposed to be the result of class differences in lifestyle, in brain development, or in mental exercise. ' Perhaps the onset of symptoms is delayed in the better educated because of a greater "brain " 5 2 reserve . At the same time, the medical literature on dementia remains doubtful as to whether these findings stem from a bias in dementia screening tests against lower educational levels. ' 3-5 Indeed, many researchers have reported correlations between screening tests and education or socioeconomic state (SES). Age and race or ethnic group correlate with these tests as well. This has generally been interpreted as a psychometric bias against the less educated, the very elderly, and black or Hispanic subjects. Consequently, corrections of the test scores for these variables have been recommended by some,6 '3 but others have objected that such corrections might hamper the study of these variables as risk factors for dementia.'4 1 ' In this paper, we attempt to reconcile these conflicting views. We focus on the relation between education and the mini mental state examination (MMSE),'6 which is the most widely used dementia screening test.
Several studies have explicitly considered test bias or differential predictive validity of the MMSE. Jorm et al ' found no bias against low education. Because the diagnosis of dementia itself may be biased, they used activities of daily living (ADL) as the predictive criterion. However, ADL is not the best choice as a validity criterion to examine a possible bias of the test as a dementia screening tool. Skills in ADL are influenced by a multitude of factors other than dementia. A better choice would have been the instrumental activities of daily living (IADL), which are more closely related to dementia than impaired ADL. ' The ADL and IADL were scored as 0 (complete dependency), 1 (able to do the activity with a little help), or 2 (completely able). The resulting ADL and IADL scales consist of six and eight items respectively, with maximum scores of 12 and 16. The internal consistency of the ADL scale is 0-67; of the IADL scale 0-85 (Cronbach's alpha).
The memory and orientation items of GMS and MMSE are partially overlapping. These items were given once; the remaining MMSE items and the DART were given after completion of the GMS. Thus the GMS measurements were not influenced by performance on the MMSE. Non-response on MMSE items was coded as error, assuming that subjects who refused certain items were unable to do these items. 29 The presence of dementia syndromes and depressive symptoms was derived from GMS items. To that end, the GMS was used in conjunction with AGECAT, a computer program that mimics the diagnostic decision making process and records the presence of psychiatric syndromes at six levels of diagnostic confidence. 30 An organic score of 3 or higher is considered to indicate organic brain disease or dementia.22 Depression was measured at symptom level. Table 1 Demographic characteristics and mean (SD) scale scores in the total sample and after matchingfor age and sex Sample after matching 58 (3.8%)*** *P < 0-0001, ttest; **P < 000001, Mann-Whimey; ***P < 0-00001, X2 test.
In phase 2, all cases with MMSE scores below 22 and age stratified samples with borderline (22) (23) (24) (25) and good MMSE scores (26) (27) (28) (29) (30) were invited for follow up. A total of 511 participants were examined again after a median interval of seven (range weeks. In this phase, the CAMDEX schedule"3 was used (including a repeated MMSE). The CAMDEX allows for diagnosing dementia by DSM-III-R criteria.32 DATA 
ANALYSES
The calculations concerning the internal validity of the MMSE as performed by Jorm et al'7 were replicated. To this end, the sample was divided into a low and a high education group. All subjects with primary education (six years) or less were placed in the low education group (n = 1692). All subjects whose education extended beyond primary school were placed in the high education group (n = 2335). The level of education was not scorable or unknown in 24 cases; these were dropped from the analyses. Twelve of these subjects had dementia.
To eliminate the influences of age and sex, the education groups were matched for these variables on a case to case basis." Two groups (n = 2 x 1535) were composed. All cases were matched for sex. An exact matching for age was possible in 2 x 1414 cases. A matching with a deviation of no more than 5 years of age was possible in another 2 x 121 cases.
The replicated calculations involved (a) slope and intercept of the regression lines predicting ADL on the basis of MMSE in both groups, (b) correlation of MMSE with age in both groups, (c) coefficient of congruence (RJ) of factor loadings of the MMSE items, (d) correlation of item difficulties, (e) internal consistency of the MMSE in both groups.
(See Reynolds34 for a description of these methods.) This replication was extended with a regression analysis of MMSE with IADL, the correlations of MMSE with DART-IQ and GMS depression score, and the test-retest reliability of the MMSE. Moreover, the predictive validity of the MMSE for the GMS-AGECAT organic criterion was examined by comparing the receiver operating characteristics (ROC)3"-37 of the MMSE in both education groups. Empirical ROC curves, as well as ROC curves after smoothing by a maximum likelihood estimate35 were considered. Finally, the positive predictive values of the MMSE scores-that is, the percentages of demented cases at a particular score in both groupswere compared.
Results Table 1 shows demographic characteristics and test scores of the sample before and after matching. Removal of the cases that could not be matched did not alter the characteristics of the sample to a great extent (table 1). The low and high education groups were (of course) significantly different in years of education and DART verbal intelligence. The high education group scored better on IADL and 
REGRESSION OF ADL AND IADL ON MMSE
In the low education group, the slope of ADL on MMSE was 0'056 (SEM 0 006) and the intercept was 10-106 (SEM 0.158). In the high education group, these values were 0-113 (SEM 0-009) and 8-497 (SEM 0 249) respectively. Both slope and intercept of the groups were significantly different (P < 0O0001).
The slope of IADL on MMSE was 0 345 (SEM 0-017) in the low education group; the intercept was 5-236 (SEM 0 458). In the high education group these values were 0 440 (SEM 0X021) and 2-521 (SEM 0 595) respectively. Again, slope and intercept of both groups were significantly different (P < 0o00O1).
OTHER PSYCHOMETRIC PROPERTIES OF MMSE
Correlations of MMSE scores with age (-20) , DART-IQ (0 36), and depression (-0d17) were significant (P < 0 001), but the differences between pairs of correlations in both education groups were not (Fisher Z). In both groups, a principal components analysis was performed on all 20 items. The coefficient of congruence (Rj) of the item loadings on the first factor was 0O993, which indicates factorial invariance across groups. This first (unrotated) factor explained 23T6% of variance. The correlation between item difficulties in both groups was nearly perfect (0 995). When only the dichotomously scored items were considered, the correlation was 0-98. Internal consistencies (Cronbach's alpha) and test-retest reliabilities of the MMSE were not significantly different in both education groups (overall reliabilities: 0-75 and 0-83 respectively).
PREDICTIVE VALIDITY OF MMSE FOR GMS ORGANIC CRITERION
The figure shows observed operating points and estimated binomial ROC curves for both Estimated receiver operating characteristic (ROC) curves and empirically observed operating points in low (primary) education and high (secondary) education groups. 24/25 and 26/27 are the optimum cut offpoints for the low and high education groups respectively. Significance of correlations:
Before matching (n = 4051): 0-04 P < 0-01; 0-06 P < 0-001; After matching (n = 3070): 0 05 P < 0-01; 0-06 P < 0-001. Correlations that changed by more than 0-06 as the result of matching are indicated by bold print.
groups. The area under the curve36 was exactly the same in both groups (0-91 (SEM 0 02)). The smoothed curves correspond to the logistic models with the best fit for the observed points (maximum likelihood estimates).35 The optimal cut off points were 24/25 in the low education group and 26/27 in the high education group. Specificity was about equal at these cut off points. The observed sensitivity in the high education group was significantly better than that of the low education group (Z = 1-974, P < 0-05).
The estimated sensitivities at these cut off points were not significantly different, however.
The positive predictive values of MMSE scores in both groups were about the same in the score range from 23 to 26, but were better for the higher educated at lower score levels.
Discussion
The findings ofJorm et al'7 were exactly replicated as far as reliability, correlations with age, congruence of factor loadings, and correlation of item difficulties are concerned. The extension with retest reliability and correlations with depression and premorbid verbal intelligence also support the conclusion that the MMSE is education fair.
A different picture emerged when we examined the predictive validity of the MMSE for ADL, LADL, and dementia. Unlike Jorm et al17 we found that the validity of the MMSE for prediction of impairment in ADL and IADL skills is different in low and high education groups. More important were the findings concerning differential predictive validity for dementia. Although the MMSE performed equally well in both groups in terms of area under the curve, it seemed that sensitivity and specificity are comparable only when a two point higher cut off score is used for the better educated than for those with a low level of education (figure).
This converges with the ROC analyses by Thus it seems warranted to conclude that, even though dementia screening tests are somewhat biased against low levels of education, there is a real and independent relation between low education and dementia.
The optimal cut off points, which were 24/25 and 26/27 in our study, are not generalisable, but depend on the research purpose or the intended clinical use of the MMSE. Cut off points should be chosen relatively high when good sensitivity is considered more important than a high rate of false positives. On the other hand, a score correction of two points for people with secondary education may be generalised to other populations. Perhaps even larger corrections are necessary for people with university degrees as recommended by Uhlmann and Larson," and a bonus for illiterate subjects as suggested by the Chinese studies.5'10 21 Both these extremes were hardly represented in our sample. To summarise: (1) the MMSE is not educationally biased as far as item characteristics, reliability, and construct validity are concerned; (2) its predictive validity as a screening test for dementia is, however, educationally biased; (3) this bias can effectively be eliminated with a two point higher cut off for those whose education extends beyond primary school.
In our opinion, the argument that research into demographic variables may be hampered by score corrections should be turned upside down. The influence of demographic variables as risk factors for dementia can only be studied adequately when their role in normal variation is accounted for.
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